The aim of this study was to analyse data on 74,081 calvings, subsequent lactation performance and culling of 23,588 Black-and-White cows improved with Holstein-Friesians. The animals represented the active population in Pomerania and Kujavia, first calved in 2000 and 2001, and were culled before the end of 2008. Frequency of calvings, which averaged 1.5% for twin births and just 0.02% for triplet births, increased with age of cow and also with increasing milk yield in the preceding lactation. Performance results showed that mothers of twins were superior to mothers of single calves in terms of milk yield (1.3 kg milk/day milking). Despite the greater perinatal mortality of twins and triplets, multiple pregnancies gave rise to a greater number of calves compared to single pregnancies. However, multiple pregnancies were accompanied by adverse effects such as increased proportion of complications requiring human assistance, mechanical assistance and veterinary intervention (1.2 × more). Fertility of the cows deteriorated after multiple pregnancies, with particularly unfavourable indicators of fertility found for triplet births, decreased chance of survival to the next calving, and increased culling rates in cows, especially due to udder diseases, infertility, reproductive diseases, old age, metabolic and gastrointestinal diseases, and locomotor system diseases. It was found that the increasing milk yield was paralleled by the increasing proportion of multiple pregnancies. This has highlighted the need for early and reliable diagnosis and management of twin pregnancies, which is supposed to facilitate parturition and ensure survival of calves.
Cattle are a monofoetal species with occasional multiple pregnancies which result in the birht of a greater number of calves (most often two). Studies conducted in Poland indicate that twins account for 1 to 4% of calves born (Skrzypek et al. 1989; Kuźma and Kuźma 1994; Wielgosz et al. 1999; Sawa 2001 ). According to Des Coteaux et al. (2010) and López-Gatius and Hunter (2005) , twin pregnancies are estimated to form about 10% of all pregnancies in dairy cattle (with a positive correlation between milk yield and multiple pregnancies), but are much less frequent in beef cattle. Multiple pregnancies have been given considerable study but researchers vary in their opinions. Most often attention is drawn to the fact that multiple pregnancies have negative effects on increased predisposition for abortion, dystocia and post partum disorders including placental retention, metritis, displaced abomasum, ketosis and fatty liver, as well as lengthening of the calving interval and increased culling of cows that gave birth to twins (Nielen et al. 1989; Kirkpatrick 2002; López-Gatius and Hunter 2005; Des Coteaux et al. 2010; Max 2011) . This has highlighted the need for early and reliable diagnosis and management of twin pregnancies, which is supposed to facilitate parturition and ensure survival of calves (Nielen et al. 1989; Echternkamp and Gregory 1999; Kirkpatrick 2002; López-Gatius and Hunter 2005; Des Coteaux et al. 2010) .
The aim of the study was to analyse the course of single and multiple births, subsequent milk and reproductive performance, and reasons for culling, based on extensive data on performance tested cows from the Kujawsko-Pomorskie province (about 10% of the performance recorded population of cows in Poland).
Materials and Methods
Data for the study were obtained from SYMLEK database and concerned 74,081 calvings and subsequent milk and reproductive performances, and reasons for culling 23,588 Black-and-White cows improved by HolsteinFriesians. The animals represented the active population in Pomerania and Kujavia province, first calved in 2000 and 2001, and were used for milking or culled before the end of 2008.
Analysis of variance was used to evaluate the effect of type of birth (single, twin, triplet) on subsequent milk (days in milk, kg milk) and reproductive performance (length of calving interval (CI), reproductive rest period (RP), service period (SP), number of inseminations (II) and first insemination success). Significant differences (P ≤ 0.1) were determined using the Scheffe test (SAS 2010) .
Chi square test of independence was used to analyse the incidence of single, twin and triplet births depending on the age of the cow (first-calving heifers, multiparous cows) and, for multiparas, depending on milk yield in the previous lactation (≤ 5000, 5001-7000, >7000 kg). Chi square test was also used to analyse the effect of single, twin and triplet pregnancy on the course of parturition according to SYMLEK: natural (without human assistance), assisted (human or mechanical assistance), difficult (veterinary intervention) and very difficult (caesarean section or embryotomy). The calculations were made depending on the type of birth (single, multiple), the percentage of production cycles interrupted due to selling or culling (taking account of the reasons according to the SYMLEK system: low milk yield, udder diseases, infertility, reproductive diseases, infectious diseases (including leukaemia), old age, metabolic and gastrointestinal diseases, respiratory diseases, diseases of the locomotor system, accidents, and others). The calculations distinguished single and multiple births. Because of the small number of triple births (n = 5), they were combined with twin births. Table 1 shows that twin births accounted for 1.5%, and triple births for only 0.02% of all births in the population under study. The proportion of multiple births was greater for multiparous cows than for first-calf heifers. The increasing milk yield of multiparas was paralleled by the increasing proportion of twin births (from 1.59% to 2.42%).
Results

Analysis of the results presented in
Multiple pregnancies resulted in a decreased proportion of easy calvings and an increased proportion of complications requiring human assistance, mechanical assistance (Table 2) . Two-thirds of twin births required human assistance, of which 1.1% required veterinary intervention. Fifty-four percent of single-calving cows required human assistance, of which only 0.5% required veterinary intervention. Performance results (Table 3) showed that mothers of twins were superior to mothers of single calves in terms of milk yield. Fertility of the cows deteriorated after multiple pregnancies, with particularly unfavourable indicators of fertility found for triplet births. The number of calves born alive was higher among mothers of twins and triplets compared to mothers of single-born calves. Multiple pregnancies considerably decreased the chance of survival until the next calving (Table 3 ) and increased the culling rate (Table 4) . When analysing the reasons for culling cows from the herds, it was found that multiple births gave rise to a greater proportion of cows culled due to udder diseases, infertility, reproductive 
Discussion
The results obtained in our study for multiple births falls within the range estimated by other authors (Skrzypek et al. 1989; Kuźma and Kuźma 1994; Wielgosz et al. 1999; Sawa 2001 ). In our study, the chi square test showed a highly significant effect (P ≤ 0.1) of age and production level on the incidence of single, twin and triplet births, with the greatest variation found within age groups, from 0.36% (first-calving heifers) to 2% (multiparous cows) in the case of twin births. These observations are consistent with those of other authors (Kuźma and Kuźma 1994; Wielgosz et al. 1999; Sawa 2001; Max 2011 ) who found that twins are very rarely born at first calving. Kuźma and Kuźma (1994) attributed this fact to increased mortality of one foetus in the twin pregnancy of heifers as a result of the increased protein and energy requirement by the developing mother's body and twin foetuses.
In multiparous cows, the increasing milk yield was paralleled by the increasing proportion of twin births. According to Bierman et al. (2010) , selection for high milk yield favours multiplication of genes in a population that may also, to a certain extent, promote a predisposition to double ovulations, which increase the likelihood of twin pregnancy (Max 2011) . High milk yield has been shown to affect the incidence of double ovulation. Cows producing 31.1 kg of milk had 6.9% of double ovulations, and in cows yielding 56.7 kg this proportion was as high as 20.2% (Fricke and Wiltbank 1999) .
The results obtained in our study suggest that multiple pregnancies can be regarded as one of the reasons for difficult births. Kuźma and Kuźma (1994) reported that abortions and premature births and difficult births are twice as frequent in twin-calving cows as in cows carrying single pregnancies. According to Echternkamp et al. (2007) , the increased incidence of calving complications compared to single births resulted from abnormal foetal presentation at delivery (especially abnormal foetal posture and position) or simultaneous impaction of the presenting parts of both foetuses in the reproductive tract. Excessive total weight of foetuses may also prove an obstruction during parturition (Nałęcz-Tarwacka et al. 2011) . Early diagnosis of multiple pregnancies, proper veterinary care and treatments, and especially appropriate nutrition and housing of pregnant cows may soften the undesirable consequences of multiple pregnancies (Kuźma and Kuźma 1994; Max 1996) .
Twin pregnancies were more frequent in cows with higher milk production levels in the first lactation. This confirms the predominance of mothers of twins over mothers of single calves, reported by other authors (Wielgosz et al. 1999; Sawa 2001) . A review paper summarizing the findings of many authors (Skrzypek et al. 1989) shows that the effect of twin pregnancy on the milk yield of cows is highly complex and depends on the nutritional requirements of pregnant cows, the level of oestrogen hormones, progesterone, placental lactogen, prolactin, and the dry length period. Kuźma and Kuźma (1994) pointed to nutrition as the main factor determining the effect of twin pregnancy on milk yield.
Twin pregnancy was 3 days shorter, and triplet pregnancy 4 days shorter than single pregnancy (Table 3) . Meanwhile, Echternkamp and Gregory (1999) reported that twin pregnancies were 5.7 days shorter (P ≤ 0.01) than single pregnancies. According to Max (1996) , placental immaturity due to shortened pregnancy and low oestrogen concentration as well as post partum uterine atonia are the main reasons for post partum complications. Poorer fertility after multiple calvings may result not only from dystocia, which causes post partum complications such as placental retention and inflammation of the reproductive tract (Kuźma and Kuźma 1994) , but also from the fact that higher yielding cows were the mothers of twins, and the results of recent observations suggest a negative effect of increasingly high milk yield on cow fertility.
The available literature (Sawa 2001; Nałęcz-Tarwacka et al. 2011) indicates that twins are less viable. Our results confirm higher perinatal mortality of the twins, but despite the losses 1.87 live calves were obtained from a twin calving compared to only 0.97 from a single calving (Table 3) . Even if we account for the fact that heifers from differentsex pregnancies are usually infertile (Nałęcz-Tarwacka et al. 2011) , from the economic point of view it seems that it is advantageous to produce twin calves, especially when they are intended for fattening.
Multiple pregnancy considerably increased the culling rate of cows (Table 3 and 4), which is consistent with the findings of Max (2011) . Analysis of the reasons for culling the cows revealed an economically unfavourable increase in the proportion of cows culled for reasons beyond the breeders' control (udder diseases, infertility, reproductive diseases, metabolic and gastrointestinal diseases, and locomotor system diseases) among mothers of twins and triplets compared to other cows. Attention has long been drawn to the negative consequences of twin pregnancy associated with metabolic disorders, labour complications and postnatal pathology such as placental retention, postparturient metritis, parturient paresis, ketosis, lameness, udder inflammation, and ovarian dysfunction (Max 1996 (Max , 2011 . Our study also showed that voluntary culling by the breeder (animals sold for further breeding, low milk yield) was lower among mothers of twins and triplets than in other cows. The lower proportion of cows culled due to low milk yield confirms the higher milk yield of mothers of twins and triplets compared to mothers of single calves, as shown in Table 3 . The higher proportion of cows culled due to old age is consistent with a tendency to the increasing proportion of multiple births with the age of the cow (Table 1) . In summary, multiple pregnancies resulted in a greater number of calves born compared to single pregnancies. However, multiple pregnancies were accompanied by adverse effects such as increased proportion of complications requiring human assistance, mechanical assistance and veterinary intervention, lower fertility, decreased chance of survival to the next calving, and increased culling rates in cows, especially due to udder diseases, infertility, reproductive diseases, old age, metabolic and digestive diseases, and locomotor system diseases.
